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Abstract 


This  report  is  an  attempt  to  collect  the  available  experimental 
material  on  the  resonances  observed  in  systems  of  strongly  inter¬ 
acting  particles.  It  confines  itself  strictly  to  well-established 
facts  and  although  references  to  the  various  phenomenological 
models  proposed  to  understand  these  resonances  are  given,  none 
of  the  conclusions  reached  purely  from  such  models  are  included 
in  our  "Tables"  for  these  resonances. 
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1.  Introduction 


V'e  have  classified  the  resonances  into  four  gronQs  corresponding  to  the 
b ary on  number  and  strangeness  combinations  B  =  1*  S  =  0;  B  =  1,  S  «*  -1; 

B  =  0,  S  =  0  and  B  =  0,  |S|  =  1.  No  resona/icn  of  the  type  B  =  1,  S  =  1  has 

as  yet  been  observed  and  consequently  no  fifth  cla.ss  appears  characterized 
by  these  quantum  numbers.  In  Sections  2-5,  v/e  give  short  summaries  of  the 
ava.ilp.ble  inform  tion  on  the  resonances  in  each  of  these  classes.  In  these 
Sections  may  also  be  found  brief  references  to  the  more  speculative  v/ork 
in  this  field.  In  the  Tables,  we  have  tabulated  the  various  quantum  numbers 
of  these  resonances.  The  nas-es  of  the  resonances  given  here  have  been 
calculated  as  the  mean  of  the  values  given  by  the  experiments  with  the 
smallest  errors.  Finally  we  list  th«  references  from  which  the  preceding 
material  has  been  col^cted. 

2.  The  Tt-N-Resonances 


The  references  for  the  U-N  scattering  have  been  tabulated  in  the  energy 
range  of  34o  to  15oo  iieV  for  the  pion  laboratory  kinetic  energy.  These 
have  been  classified  under  various  headings  for  ease  of  reference.  Re¬ 
ferences  to  the  experiments  in  the  energy  range  of  the  (3/2,  3/2)  reso¬ 
nance  have  been  omitted  since  the  data  involved  here  are  rather  well- 
known.  (See.  for  instance  the  reviev/  articles  fo.(l63)and  T’o.  (163)). 


"'e  have  attempted  at  completeness  of  references,  but  no  doubt  we 

have  not  succeeded  very  we'1],  in  this  task,  and  v/e  wish  to  apologize 

to  all  those  authors  towards  whom  v/e  have  been  guilty  of  sins  of 
omission. 
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The  71  -IT  resonant  st-tes  have  h---on  intensively  investig  .  ted  in  the  n-N 
el  -stic  and  inelastic  scattering  processes  as  -.7011  as  in  the  photopro¬ 
duction  processes  y  +  p — »  p  +  7t°  and  y  +  p — » n  +  7t+ «  The  I  =  l/2  cross- 
section  for  Tt -N  scattering  shows  two  marked  resonances,  ■■-ne  (the  N**)  at 
15 !  o  KeV  with  a  half -width  :  ;  3c  KeV  and  the  other  (the  H*** )  at  168o  KeV 
with  a  half- width  of  5o  KeV.  The  sain  m  parity  of  these  resonances 
have  been  uetermined  in  the  photo  production  experiments  by  studying  the 
an ’pilar  distributions  and  polarization  of  the  recoil  proton  (in  the 
reaction  y  +  p-i  p  +  7t°)  .  These  reveal  that  if**  is  in  the  flnd  N*** 

in  the  F_y ,  state.  In  the  tx  +  p  scatterin',  cross-sections,  there  appears 
a  hu;..p  "t  -n  energy  vt  about  l9oo  he V  -.vith  a  half-width  of  about  loo  LleV 
•which  ;ro e -■  r iy  is  a  resonance  of  so;:..?  kind.  The  spin  and  parity  of  this 
re  son  nco  (tr.e  !?**** )  are  not  ’.veil-  established. t  ,-;re  also  appears  what 
loo.:s  like-  -another  resonance  in  the  crust-section  curVos  at  an  energy 
of  about  lop o  I.oV.  ~  -  rhese  d-ta  are  summarized  in  Table  I. 


153)  . 


Lays  on  '  h°s  propose--;  ;  rher.ur:.- r.cl  ot  Lc  i  1.1.  del  for  these  resonances 
■■■;  ich  nr-  diets  in  -II  t  tx-’I  resonances  in  various  isotopic  spin  and 

angular  rr.cirori  tun  stt-s.  His  analysis  of  the  data  a  is;  suggests  that  the 


I650 'KeV  resonance  is  in  the  D^j ^  and  t'r.c-  I9oo  KeV  resonance  in  the  F 


;tate.  For  details,  we  refer  the  re  dor  to  Laysor.'s  papers 


153) 


1/2 


5.  The  Y*  .Resonances 


l)  The  Y*s  In  Table  II,  re  hrv-  quo tea  -  mass  value  of  1  58o  KeV  for  this 


resonance.  This  agrees  (within  the  experimental  uncertainties)  with 

17q) 

the  accurate  measure-men  ts  of  0.1.  Dab:  et  cl.  '  ard  of  J.P.  Berge 

IT1) 

et  al .  '  (who  give  a  value  if  -  3  KeV  and  1565  +  5  KeV  respecti¬ 

vely).  It  agrees  also  noth  older  experiments,  >ut  it  is  slightly  outside 
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173) 

the  range  of  uncertainty  of  the  mass  value  given  by  R,P.  Ely  et  al . 

( which  is  1376  +  3  KeV) .  The  quoted  half-width  is  the  average  of  al  1  the 
measured  values  given  by  those  experiments  in  which  the  energy  resolution 
is  smaller  than  the  half-width.  R.P.  Ely  et  al.  ^  obtain  P/2  =24-4  MeV 
for  Y*+and  33-5  MeV  for  Yij*  . 

173) 

The  ouoted  spin  assignment  is  the  ;..os  t  recu.t  one  by  R.P.  EJy  et  p,l , 
obtained  through  an  Adair  analysis. 

The  branching  ratio  for  the  decay  into  £4  it  is  the  value  given  by 
P.  Bastien  et  a.i  .  ^7^).  v;e  v/ouig  however  draw  the  reader's  attention  to 
the  authors?*  remark  that  "This  average  (2  i  2  %)  must  be  used  with  some 
reservation  since  the  5  input  data  are  net  very  consistent." 

The  reaction  K~  +  JT — »Y*°  is  to  be  understood  as  a  K  scattering  on  a 

nucleon  bound  in  a  nucleus.  This  process  has  been  observed  hy  Y.  Eisenberg 
175 ) 

et  al.  who  find  that  the  mass  of  Y* 0  seems  to  be  greater  than  the 

+ 

mass  of  Y*  ”  by  lo-  15  MeV.  It  is  however  not  certain  that  all  the  events 
observed  are  those  of  Y*  and  many  of  the  events  could  be  due  to  Y*-decay's. 

(See  Y.  Eisenberg  -*-7^)  and  r,  Cester 

T  OO 

b)  The  Y*  $  The  mass  of  Y*  has  been  found  to  be  14o5  MeV  by  M.H.  Alston  et  al. 

_ _ o  o 

They  find  in'addition  that  the  total  energy  in  the  center-of-mass  system  of 
the  decay  products  (i.e,  the  effective  mass)  is  19  -  6  MeV  higher  for  un¬ 
charged  decay  products  (£°  +  7t°)  than  for  -he  ch-.rged  ones  (E*  +  it+). 

By  YJ  + jJC — »  Y*  we  understand  again  the  scattering  of  a  K  on  a  nucleon 


bound  in  a  nucleus. 
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c)  The  Y**  i  This  resonance  has  been  observed  as  a  Breit-Wigner  Maximum 
in  the  K  -p  total  cross-section  (indicated  in  the  Table  as  the  process 
K~  +  p— *■  Y**  )  by  M.Ferro-Luzzi  et  al.  .  Their  spin  parity  assignment 

to  this  resonance  is  able  to  fix  the  relative  E-A  parity  as  even. 

(R„DU  Tripp  et  al . 


d)  The  Y***  :  This  resonance  has  also  been  found  a.s  a  maximum  in  the  K^-p 


total  cross-section  (K  + 


Y***)  .  See  also  the  older  total  cross-section 
o 


measurements  by  V.  Cook  et  al. 


192) 


4.  The  Pion  Resonances 


In  the  column  "Spin-Parity"  of  T^hle  III  we  have  added  a  third  column  where 
we  li  t  the  "G- parity"  of  these  states.  The  G-parity  operation  is  defined  as 
charge-conjugation  ope r? tion  times  a  rotation  around  the  2nd  axis  in  the 
isotopic-spin  space  by  r jo  ,  i.e. 


The  assignment  of  these  quantum  numbers  for  the  pion  resonances  implies 
certain  selection  rules  for  the  decay  of  these  states  and  we  reproduce  a 
list  of  these  selection  rules  below.  (See  e.g.  B.T.  Feld  1 ,  H.P.  Duerr 
and  V/.  Heisenberg 


w 


,  +- 


,  ++ 


p 

p 


Selection  Rules  faru-  decays? 


T  =  0 

2Tt 

3n 

4n 

i — l 

11 

Eh 

2  n 

4n 

0++ 

yes 

P,G 

yes 

o+~ 

G 

P 

G 

yes 


yes  yes 
G  yes 


,  ++ 


,  +- 


G  yes,no3ft°  G 


P,G  yes 


P 

P 


NN  state 


7t  1S 


G  yes 
yes  yes 


1 

yes 

G 

yes 

9  s 


-  6 


In  this  table,  selection  rules  for  the  2n,  J>n  and  4n  decays  are  listed  for 
both  T  =  0  and  T  =  1  states  with  various  spin-parity-G-parity  combinations. 
"Yes"* means  an  allowed  transition.  P  means  that  the  transition  is  forbidden 
by  '  parity  conservation,  i.e.  it  is  only  allowed  via  weak  interactions. 
Similarly,  G  denotes  electromagne tioally  allowed  decays  which  are  however 
forbidden  in  the  presence  of  strong  interactions  alone.  The  last  column  lists 
the  nucleon-antinucleon  states  with  the  same  quantum  numbers  as  the  resonant 
states  (here  only  S  and  P  waves  are  considered). 


-mesom 


I9b) 

The  mass  of  the  rj  particle  has  been  measured  by  P.L,  Bastien  et  al.  'to  be 
548  +  2  MeV  for  the  charged  i j  and  55o  +  1,5  IleV  for  the  rj  -mode  decaying  into 
5lt°.  Combining  it  with  the  546  KeV  found  by  A.  Pevsner  et  al.  ,  v/e  quote 

a  value  of  548  LeV. 

The  spin-parity  assignment  has  been  made  by  P.L.  Bastien  et  al.  from  a 

Dalitz-plot  to  be  0_+,  but  with  very  poor  statistics.  However,  the  narrow 
width  a.nd  the  branching  ratio  for  neutral  decays  support  this  assignment. 

Further,  for  a  l”  I)  ,  the  branching  ratio  for  a  (see  d))  decaying  into  y+  n 
has  been  estimated  by  G.  Feinberg  to  be  5/4  and  ^y  A.H.  Rosenfeld  et  al 

to  be  1/4.  Such  decays  have  been' searched  for'by'the  latter  authors  and  have 
not  been ' found It  'should' however  be  mentioned ' that' the* estimates  made  by 
M.  Gell-Mann  et  al.  for  this  branching  ratio  are  appreciably  lower  (**» l/loc ) 

than  *  the  ones  quoted  above  .'  S .  Hori  et  al . • ^00)  also  obtain  ’a* very  low  ratio , 
but' they' do  not 'lake'  into  account  the ' angular  momentum  harrier  and  other 
momentum-dependent  factors,  V/e  therefore  quote  the  assignment  0-+  in  the  Table 
in  paranthesis. 


For  the  isospin  assignment  to  this  resonance. see  D.  D.  Carmony  et  al. 
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b)  The ’Y-mesorn 

An  indication  for  this  resonance  already  appears  in  the  im  cross-section 
curves  •  obtained  by  A.R.  Erwin  et  al.  J  as  a  second  hump  besides  the  one 
for  the  ^-particle.  The  quoted  macs  is  the  mean  of  all  quoted  experiments, 

c)  The  <j -meson t 

The  mass  value  is  a sain  the  mean  of  all  experiments  (?8 7>  7&4  and  78o  MeV), 

The  spin-p-rity  assignment  is  due  to  II. L,  Stevenson  et  al, 

d)  The  9  -meson; 

The  n  iure  of  'his  resonance  seems  to  be  rather  comnlic  ted.  Alth  -iugh  it 
has  been  observed  in  many  different  processes  and  even  in  the  extrapolated 
ti-tc  cros'-section  curves,  its  mass  and  half-width  are  still  slightly  uncer¬ 
tain  since  the  values  obtained  are  different  in  different  experiments.  It 
might  even  be  that  it  is  actually  composed  of  two  unstable  particles,  but 
no  definite  results  have  as  yet  been  published, 

e)  The  ABC-p^.rticle : 

For  completeness,  we  add  some  comments  on  another  resonance  which  has  been 

3  +  o 

found  as  a  spectrum  anomaly  in  the  reaction  p  +  d — ►  He  -a  TC  +  n  by 

A.  Ahashian,  N.E,  Booth  and  K.M.  Crowe  2l6)*217)^  ^hey  f ounci  a  hump  suggesting 

a  Ti-n  resonance  at  51o  MeV.  Since  then,  it  has  been  looked  for  unsuccessfully 

2  ^ 

in  photoproduction  reactions  by  K.  Berkelman  et  al.  .  Further,  the  results 

of  Abashian  et  al.  can  be  well  explained  as  purely  due  to  final  state  inter¬ 
actions  (see  T.N.  Truong  2-^)  or  Tubis  and  J.L.  Uretsky  por  ^ggg 

reasons,  we  have  not  included  this  "resonance"  in  the  Table. 


ti 


The  K-TC  Resonance 


Alston  et  al . 


have  f o’.md  ■’  K-TC  resonance  in  the  study  of  the  reactions 


k  +  p  — »  k  +  ir+  p 


k  +  n“+  p 


The  resonance  (K*)  appears  with  a  mass  value  of  885  IleV  and  a  remarkably 
narrow  half-width  of  8  KoT  The  isospin  of  the  resonance  has  been 

measured  by  studying  the  v  tio  of  the  rates  of  the  reactions  (a)  and  (b) 
for  those  energy  valuer,  of  the  (K-u)  system  which  lie  ’.vithin  the  K-H  resonance 
region.  The  expected  ratio  for  [k~TC°^  is  ^or  an  =  5/2  It*  and  2  for 
an  I  =  l/2  It*.  The  experimental  ratio  is  1.4  +  0.4  which  therefore  favours 
an  I  =  1/2  resonance.  An  Adair  type  analysis  for  the  decay  K*~~*  K°+  has 
been  carried  out  which  indicates  an  essentially  isot-troic  angular  distribution 


for  the  decay  products  giving  J  =  0  or  i  for  the  K* 


.  A  number  of 


arguments  have  apne.-red  stemming  essentially  from  the  narrow  width  of  the  K* 
suggesting  that  the  actual  s  'in  assignment  is  J  =  1  224)-226)^ 


The  an cipar tides  of  It*  have  also  been  observed  by  Erwin  et  al. 

223) 

Alitti  et  al.  in  the  study  of  the  reactions 

n~+  p  — *  Z~  +  K°+  Tt+ 

2"  +  K++  tt° 


and  by 


The  mass  distribution  curve  of  the  n-K  system  given  by  Erwin  et  al.  '  £ 
to  have  another  hump  at  an  energy  of  ;>>out  78o  IleV  which  may  indicate  yet 
another  K-H  resonance  at  this  energy. 
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